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(54) Compositions and methods for inhibiting vinyl aromatic monomer polymerization 

(57) Compositions and methods for inhibiting polym- 
erization of vinyl aromatic monomers in oxygen-free 
processing systems are disclosed. The compositions 
comprise an oxirrie compound and a hydroxylamine 
compound and, alternatively, an oxime compound or a 
dinitrophenol, a hydroxylamine compound and a phe- 
nylenediamine compound. The methods comprise add- 
ing one of the compositions to the vinyl aromatic 
monomer in an amount ranging from 1 to about 10,000 
parts per million parts monomer. An improved method 
for inhibiting the polymerization of vinyl aromatic mono- 
mers with a hydroxylamine compound is also disclosed. 
The improvement provides for adding a catalytic amount 
of a phenylenediamine compound to the vinyl aromatic 
monomer system while replacing any phenylenediamine 
compound lost as a result of physical removal from the 
system via the waste stream. 



CM 
< 



CO 



Q. 

UJ 



Printed by Rank Xerox (UK) Business Services 
2.5/3.4 



EP 0 690 117 A2 

Description 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to compositions and methods for inhibiting the polymerization of vinyl aromatic mon- 
omers in an oxygen-free vinyl aromatic monomer processing system comprising adding to the monomers a combination 
5 of an oxime compound and a hydroxylamine compound, or in an alternative embodiment, a combination of an oxime 
compound or a dinitropheno! compound, a hydroxylamine compound, and a phenylenediamine compound. 

The compositions of the present invention prove effective at inhibiting the polymerization of vinyl aromatic monomers 
under monomer processing conditions. These processing conditions include but are not limited to the purification and 
distillation processes of vinyl aromatic monomers. 
10 The vinyl aromatic monomers that can be treated by the present invention include but are not limited to styrene, 
bromostyrene, divinylbenzene and a-methylstyrene. The compositions of the present invention are particularly effica- 
cious at inhibiting polymerization of styrene monomer. The phrase "oxygen-free processing conditions" is meant to define 
the substantially oxygen free conditions under which vinyl aromatic monomers, particularly styrene, are processed. 
These conditions, exemplified by distillation and purification processes, generally have less than 2 parts per million 
is oxygen present and preferably less than 1 part per million oxygen per parts styrene. 
The oxime compounds generally have the formula: 



20 



25 



Ri 



R 2 



\ 



C=N-OH 



wherein and R 2 are the same or different and are hydrogen, alkyl. aryl, alkaryl. aralkyl. alkylhydroxyaryl or arylhy- 
droxyalkyl groups having three to about twenty carbon atoms. The preferred oxime compounds are salicyialdoxime, 5- 
30 dodecyl-salicylaldoxime and alkyl acetophenone oxime. 

The dinitrophenol compounds generally have the structure: 



OH 
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T^/J NO z 



wherein R3 is hydrogen or to C12 alkyl. 

The hydroxylamine compounds useful in this invention generally have the formula: 
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*N-OH 



R 5 



55 



wherein R4 and R 5 are the same or different and are hydrogen, alkyl, aryl, alkaryl, aralkyl, or hydroxyalkyl groups and 
preferably have three to about twenty carbon atoms. The preferred hydroxylamine compound is bis-(hydroxypro- 
pyl)hydroxylamine (HP HA). 
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The phenylenecfiamine compounds useful in this invention generally have the formula: 
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and N- P henyf-N'-(1 .^imethylpentyD-p-phenylenediamine ' "d«-sec-bulyl-p.phenylened.am.ne 

ranges from 1:9:1 to 9:1:9 with a weight ratio of ^preferred ^°^ am ' nec0 ^ oundlo P hen y ,ened,a '™"ecompound 
45 processingtempeLre^ 
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c) replacing the amount of phenylenedi amine compound physically removed from said system through said waste 
stream by adding an amount sufficient to compensate for the amount of said phenylenediamine compound removed 
and to maintain a constant level of said phenylenediamine compound in a 1 :9 to 9:1 weight ratio with said hydrox- 
ylamine compound in said system. 

.5 

The accompanying drawing is a simplified schematic flow sheet exemplifying the purification of vinyl aromatic mon- 
omer (styrene) in a low temperature vacuum distillation unit. A feed consisting mainly of ethylbenzene and styrene is 
fed through line 1 0 into a benzene/toluene fractionation column 1 1 where benzene and toluene are removed from a top 
line 13 to storage. The bottoms consisting mostly of ethylbenzene and styrene is fed through line 12 to an EB (ethylben- 
w zene) recycle column 14. Ethylbenzene is removed through line 16 for return to the styrene synthesis facility. The EB 
recycle column bottoms consisting of styrene and high boiling impurities is fed through line 15 to a finishing column 1 7. 

Finished styrene is removed to storage through line 19 and styrene, polymer and high boiling point compounds are 
passed through line 1 8 to a tar recovery system, 20 and 25. Tar bottoms from 20 are split through line 2 1 , a continuous 
recycling stream which recycles to the feed line 10 and through line 23 to a tar recover column 25. Tar waste exits the 
is tar recovery column 25 through waste stream 24 and finished styrene flows through line 26 for storage. 

In the process of the instant invention, the polymerization inhibiting compound, hydroxylamine compound, and the 
catalytic agent, phenylenediamine compound are added separately to the feed stream. The hydroxylamine compound 
can be added continuously or intermittently depending upon its consumption at inhibiting polymerization but is added 
to maintain an amount necessary to inhibit polymerization while the phenylenediamine is fed to the system, after the 
20 initial addition, to compensate for that amount of phenylenediamine physically removed via the waste stream. This 
ensures that the phenylenediamine, which is not consumed through inhibitory action, is maintained in the system in an 
amount necessary to act as a catalyst improving the inhibitory action of the hydroxylamine compound. 

The hydroxylamine compound may be inputted at any point of the purification process to adjust for unexpected 
consumption. Thus, the hydroxylamine compound may be added at any time during the styrene monomer processing 
25 but it is preferably continuously added at the front of the processing system with the crude styrene in an amount necessary 
to inhibit styrene polymerization during the purification process. 

The amount of phenylenediamine compound which is added is that sufficient to ensure its presence in the columns 
present in the purification apparatus. This amount is readily determined by sampling the columns' bottoms and analyzing 
by gas chromatography or a spectrop hotometric analytical technique. The feed amount can then be used with the amount 
so returned via the continuous recycle stream to determine the amounts of replacement phenylenediamine added to act 
as catalyst in further processing. 

The amount of phenylenediamine compound removed with the waste stream is readily determined by sampling of 
the waste stream. A sufficient amount of phenylenediamine compound can then be fed through the feed stream to ensure 
that catalytic activity continues to occur in the processing system. 
35 The present inventor has discovered that in the presence of a catalyst, phenylenediamine compound, polymerization 
is inhibited throughout the purification system. The hydroxylamine compound is more effective at inhibiting polymerization 
because the phenylenediamine compound improves the inhibiting action of the hydroxylamine compound more than in 
absence of any phenylenediamine compound. This results in a more efficient and less costly means for inhibiting the 
unwanted polymerization of styrene monomer and a lower amount of addition of hydroxylamine to supplement that used 
40 to inhibit polymerization. 

The hydroxylamine compounds useful in this aspect of the invention generally have the formula: 

R 4 

\ 

N-OH 




wherein R4 and R 5 are the same or different and are hydrogen, alkyl, aryl, alkaryl, aralkyl, or hydroxyalkyl groups and 
55 preferably have three to about twenty carbon atoms. The preferred hydroxylamine compound is bis-(hydroxyp ro- 
py I) hydroxylamine (HP HA). 
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•me phenylenediamine compounds useful as catalysts In this invention gene-atiy have the formula: 



10 Rfl 



R 9 
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TABLE I 

Styrene Polymerization Test 
Uninhibited Styrene 
120°C 



u 1 LI 1 Id IV 






SA 


600 


19.40 


DDSA 


600 


19.40 


AAO 


600 


18.68 


HPHA 


600 


8.56 


HPHA/SA 


300/300 


0.93 


HPHA/SA 


150/450 


7.27 


HPHA/SA 


450/150 


0.67 


HPHA/SA 


200/400 


4.40 


HPHA/SA 


400/200 


0.89 


HPHA/SA 


100/500 


10.22 


HPHA/SA 


500/100 


1.44 


HPHA/DDSA 


300/300 


1.60 


HPHA/DDSA 


450/150 


0.70 


HPHA/AAO 


300/300 


4.84 


HPHA/AAO 


450/150 


5.01 



SA is salicylaldoxime 

DDSA is 5-dodecylsalicylaldoxime, available from Henkel as Aloxime 800 
AAO is alkyl acetophenone oxime, available from Henkel as Aloxime 840 
HPHA is bis-(hydroxypropyl)hydroxylamine 



The results of this testing indicate that composition I, oxime compound and hydroxylamine compound, provides 
enhanced activity over that of either ingredient alone at inhibiting the polymerization of styrene. Hydroxylamine com- 
40 pounds are known polymerization inhibitors for styrene, yet the polymerization inhibition of the combination exceeded 
that of a hydroxylamine compound employed alone. 
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IStB ^ Performed UtiH2ln9 *• P rocedure described for Table I for 



composition II. These results are 
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Styrene Polymerization Test 
Uninhibited Styrene 
120°C 

Treatment 

PD/HPHA 
SA 

DDSA 
AAO 

PDA/HPHA/SA 
PDA/HPHA/SA 
PDA/HPHA/SA 
PDA/HPHA/DDSA 
PDA/HPHA/AAO 



TABLE II 



Dose (opm) 

200/300 
600 
600 
600 

200/300/100 
200/300/50 
200/300/25 
200/300/100 



Percent Pniy mor 

4.10 
19.40 
19.40 
18.68 
0.24 
0.51 
1.30 
0.92 
1.76 



200/300/100 

HPHA IS bis-(hydroxypropyl)hydroxylamine 
SA is salicylaldoxime 

the inventive compositions provide ^a^ M MorS ' These resu,ts ' as Table I, show that 

at eievated styrene processTng temped over that of the individual components 

inhibitor, hydroxyzine compound and ph J^S5tfJ G ret!S ? h * OMm k e K com P° un cJ to a known polymerization 
inhibitor pair. pnenyienediamine, resulted in better inhibition of polymerization than the known 
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TABLE III 



Styrene Polymerization Test 
Uninhibited Styrene 
120°C 



Treatment 



Dose (ppm) 



Percent Polvmer 



Blank 

DNOC 

DNBP 

PDA 

HPHA 



300 
300 
300 
300 

100:100:100 

75:150:75 

50:150:100 

100:100:100 

50:150:100 



23.3 
2.15 
1.77 
21.06 
17.96 
1.38 
1.78 
1.23 
1.02 
0.79 



PDA:HPHA:DNOC 
PDA.HPHA:DNOC 
PDA: HPHA: DNOC 
PDA:HPHA:DNBP 
PDA:HPHA:DNBP 



DNOC is 4,6-dinitro-o-cresol 

DNBP is 2-sec-butyl-4,6-dinitrophenol 

PDA is N.N'-di-sec-butyl-p-phenylenediamine 

HPHA is bis-(hydroxypropyl)hydroxylamine 



These test results demonstrate the enhanced polymerization inhibition of the three component combination of 
DNOC/DNBP. HA and PDA. Unexpected results were evidenced in a range from 1:1:1 to 1:3:2 at inhibiting styrene 
polymerization at higher (120°C) styrene processing temperatures. 

Uninhibited styrene (100 mL) was placed in a 250-mL three-necked flask fitted with a bubbler, a septa, and a 
condenser. The appropriate treatment was added and argon was bubbled through the solution at 10 mL/min for 10 
minutes. Then, while argon sparging continued, the flask was immersed in an oil bath heated at 120°C. Samples (5.0 
mL) were taken every 30 minutes and the amount of polymer formed was determined by methanol precipitation. The 
results of this testing for compositions I and II are presented below in Tables IV and V. 



TABLE IV 



Styrene Polymerization Test under argon 
120°C 

Treatment: bis-hydroxypropylhydroxylamine/salicylaldoxime 



300 ppm of each 



Time (min) 



% Polvmer 



30 
60 
90 
120 
150 
180 



0.04 
0.10 
0.19 
0.29 
0.54 
3.30 
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TABLE V 

Styrene Polymerization Test under arqon 
120°C 

600 ppm total treatments, 1:2:1 ratios 

Treatment 
SA/HPHA/l-3 




Treatment 
SA/HPHA/PDA 



% Polvmer 

0.01 
0.03 
0.05 
0.10 
0.35 
0.76 



Time 
(min) 

30 

60 

90 
120 
150 
180 



SA is salicylaldoxime 

HPHA is bis-(hydroxypropyl)hydroxylamine 

onA ^W"^ 1 ^^WP^yO-P-phenylenediamine 
PDA is N.N-di-sec-butyl-p-phenylenediamine 



% Polvmer 

0.01 
0.02 
0.05 
0.10 
0.17 
0.28 



30 



35 



40 
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Composition .... T^.e V, reports the efficacy o£E£S3H^^ ** 

TABLE VI 

Styrene Polymerization Test 
Uninhibited Styrene 
120°C 

Treatment: PDA7HPHA/DNBP in a 200:200:100 ppm ratio 



45 



50 



Time (hrs.l 

1 
2 
3 
4 



% Polvmer 

0.07 
0.31 
0.49 
1.10 



55 



PDA is N.N'-di-sec-butyl-p-phenylenediamine 
HPHA is bis-(hydroxypropyl)hydroxylamine 
DNBP is 2-sec-butyl-4,6-dinitrophenol 
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70 mi of freshly distilled uninhibited styrene was placed in a three-necked flask fitted with a condenser, a bubbler, 
and a rubber septum. The appropriate amount of phenylenediamine compound and hydroxylamine compound was 
added and argon was bubbled through the liquid at 15 ml/min with stirring from a magnetic stirrer. After 20 minutes the 
flask was immersed in a heated oil-bath. Argon bubbling continued through the test as samples were taken every 30 
5 minutes. The amount of polystyrene formed was determined by methanol precipitation. Phenylenediamine concentration 
was determined by capillary gas chromatography using an internal standard. Hydroxylamine concentration was meas- 
ured by HPLC with an electrochemical detector. The results of this testing are presented in Tables VII and VIII. 



TABLE VII 

10 

Styrene (pure) under argon test at 120°C 

Treatment: 30 ppm hydroxypropylhydroxylamine (HPHA) 

30 ppm N.N'-di-sec-butyl-p-phenylenediamine (PDA) 

15 T 'me Polymer Formed PDA Remaining 

OniO) (mq/5 ml) (oom) 

0 0 30 

15 3 29 

20 30 60 30 

45 126 30 

60 218 30 



TABLE VIII 



Styrene (pure) under argon test at 120°C 
Treatment: 75 ppm HPHA and 75 ppm PDA 



30 


Time 


PDA 


HPHA 


Polymer Formed 




(min) 


(ppm) 


(ppm) 


(ma/5 ml) 




0 


75 


75 


0 




45 


75 


78 


0 


35 


90 


75 


74 


0 




135 


75 


62 


0 




180 


75 


47 


64 




225 


75 


56" 


224 


40 


270 


75 


41* 


648 



'possible response variation in the detector. 



This testing shows that polymerization is being inhibited while the amount of the catalyst, PDA, remains constant. 
This indicates that the PDA acts to activate or catalyze the reaction involved in inhibiting polymerization. 

An experiment was utilized to demonstrate the effect of HPHA concentration of the onset of polymerization. The 
so reflux under argon of Table VIII was repeated at 120°C on pure styrene treated with 75 ppm of HPHA and 75 ppm of 
PDA. After 135 minutes of heating, the polymerization induction time under those conditions, an additional 35 ppm of 
HPHA was added. These results are shown in Table IX. 
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TABLE IX 



Time (min) 


Polymer Formed (mg/5 mO 
— — - 


PDA Remaining (ppm) 


HPHA Remaining (ppm) 


0 




75 


75 


45 


0 


74 


78 


90 


0 


75 


74 


135' 


0 


75 


62 


180 


0 


75 


47 


225 


0 


75 


48 


270 
*35 Dom of h 


0 


75 


41 




the supply of the inhibitor. 55^55? 11,116 p,nod after Muc6on Deriod •» replenishing 

in WeT Pdymeriza,ton 1881 was ™ ^ "0 argon purging and only PDA added to the styrene results are shown 
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TABLE X 

Styrene (pure) without argon purging at 120°C 
Treatment: 1 00 ppm PDA 



Polymer Formed 
(mo/5 ml) 

0 

2 

3 
73 
96 




PDA Remaining 
(PPm) 

100 
110 
47 

not detected 
not detected 
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of oxygen, it J.I inhibS S-SZE^ESJS VSZ'Z fS^A 3,009 in the " resence 

torn*^^ « h -of. it is apparent that numerous other 

generally should be construitoS°er^ talif ilSS C ' aimS and tn ' S inV6n,i0n 

scope of the present invention. d mod,,,cat,ons «•■* are within the true spirit and 



Claims 
1. 



ZZeZ^T™ P0 ' ymerizati0 " ^^on comprising an oxime compound and a hydroxy- 
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2. A composition as claimed in claim 1 , wherein said oxime compound has the formula. 



Ri 

^ C=N-OH 

R 2^ 

wherein and R 2 are the same or different and are hydrogen, alkyl, aryl. alkaryl, aralkyl, aJkylhydroxyaryl or aryl- 
hydroxyalkyl groups and have three to about twenty carbon atoms. 

3. A composition as claimed in claim 1 , wherein said oxime compound is selected from the group consisting of sali- 
cylaidoxime, 5-dodecylsalicylaJdoxime and alkyl acetophenone oxime. 

4. A composition as claimed in claim 1 , wherein said hydroxylamine compound has the formula 

R 4 

. ^ N-OH 



wherein R* and R 5 are the same or different and are hydrogen, alkyl, aryl, alkaryl, aralkyl, or hydroxyalkyl groups 
and have three to about twenty carbon atoms. 

5. A composition as claimed in any one of the preceding claims, wherein said hydroxylamine compound is bis-(hydrox- 
ypropyl) hydroxylamine. 

6. A composition as claimed in any one of the preceding claims, wherein said oxime compound and said hydroxylamine 
compound are in a weight ratio from about 9:1 to 1 :9. 

7. A composition as claimed in any one of the preceding claims, further comprising a phenylenediamine compound. 

8. A composition as claimed in claim 7, wherein said phenylenediamine compound has the formula: 



N 




wherein R 6 , R7. Rs and R9 are the same or different and are hydrogen, alkyl, aryl, alkaryl or aralkyl groups having 
one to about twenty carbon atoms. 

9. A composition as claimed in claim 7 or 8, wherein said phenylenediamine compound is selected from the group 
consisting of N,N'-di-sec-butyl-p-phenylenediamine and N-phenyl-N'-(1 ,4-dimethylpentyl) ^phenylenediamine. 

1 0. A composition as claimed in claim 7, 8 or 9, wherein the weight ratio of oxime compound to hydroxylamine compound 
to phenylenediamine compound is about 1 -9 to 1 -9 to 1 -9. 

1 1. A method for inhibiting the polymerization of vinyl aromatic monomers in an oxygen-free vinyl aromatic monomer 
processing system comprising adding an effective polymerization inhibiting amount of a composition as claimed in 
any one of the preceding claims. 
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12. A method as claimed in claim 11, wherein said composition is added to said monomer in an amount ranging from 
1 part to about 10.000 parts per million parts monomer. 9 9 

13 ' i^J^^,^^ 0 ^ V,ny ' aromatiC monomers in *" oxygen-free vinyl aromatic monomer 
rSSS^i compr.s.ng adding an effective polymerization inhibiting amount of a dinitrophenol compound, 
a hydroxylamme compound, and a phenylenediamine compound. 

14. A method as claimed in claim 13. wherein said dinitrophenol compound has the formula: 

OH 

N0 2 




wherein R 3 is hydrogen or C, to C 12 alkyl- 

1S " 98 in J ° laim 13> Whefein Said dinit ">phenol compound is selected from the group consisting of 

4.6-d.nrtro-o-cresol, 2,6-dinitro-p-cresol and 2-sec-butyl-4.6-dinitrophenol. corning or 

16. A method as claimed in claim 13. 14 or 15. wherein said hydroxylamine compound has the formula: 



R 4 

\ 

30 N - OH 

/ 

Rs 



35 



r^nfl^N^r 5 tt ! e «, Sam f or / ,ifferent are *V*00™. alkyl. aryl. alkaryl. aralkyl. or hydroxyalkyl groups 
and preferably have about threetoabout twenty carbonatoms. except when R 2 is H. then R 3 is C 6 alkyl toC^ alkyl 

40 itrr!^ ^ da,med in ° laim 13< U ° r 15> Where,n Said W' 0 ****"*™ compound is bis-hydroxypropylhydroxy- 

18. A method as claimed in any one of claims 13 to 17. wherein said phenylenediamine compound has the formula: 
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55 nnZT^'Pj' *t ^k* 9 3re the S3me ° r different and are h y dr C9en. alkyl, aryl, alkaryl or aralkyl groups having 
one to about twenty carbon atoms. a M H 

19. A method as claimed in any one of claims 13 to 18. wherein said phenylenediamine compound is N.Ni -di-sec-butyl- 
p-phenylenediamine. 7 



14 



# 



EP0690117A2 

20. A method as claimed in any one of claims 1 3 to 1 9, wherein said dinitrophenol compound, hydroxylamine compound 
and phenylenediamine compound are added to said vinyl aromatic monomer in an amount ranging from 1 to about 
10.000 parts per million parts monomer. 

.5 21. The method as claimed in any one of claims 13 to 20, wherein said vinyl aromatic monomer has a temperature of 
110°C or higher. 

22. A method for inhibiting the polymerization of vinyl aromatic monomers in an oxygen-free vinyl aromatic processing 
system containing a continuous feed stream of vinyl aromatic monomer, a continuous recycle stream returning to 

w said feed stream, at least one process column, and a waste stream, comprising the steps of: 

a) adding to said feed stream a sufficient polymerization inhibiting amount of a hydroxylamine compound; 

b) adding as a catalyst a separate feed of a phenylenediamine compound to said feed stream in an amount 
sufficient to ensure that said phenylenediamine is present in said process column in a 1 :9 to 9:1 weight ratio 

is with said hydroxylamine compound; 

c) replacing the amount of phenylenediamine compound physically removed from said system through said 
waste stream by adding an amount sufficient to compensate for the amount of said phenylenediamine compound 
removed and to maintain a constant level of said phenylenediamine compound in a 1 :9 to 9:1 weight ratio with 
said hydroxylamine compound in said system. 

20 

23. A method as claimed in claim 22 wherein said hydroxylamine compound has the formula 



25 



N-OH 



Rc 



30 wherein R4 and R 5 are the same or different and are hydrogen, alkyl, aryl, alkaryi, aralkyl, or hydroxyalkyl groups, 
and have one to about twenty carbon atoms. 

24. A method as claimed in claim 22 or 23, wherein said phenylenediamine compound has the formula 



:><o>- 




40 

wherein R 6 , R7. Re and Rg are the same or different and are hydrogen, alkyl, aryl, alkaryi or aralkyl groups having 
one to about twenty carbon atoms. 

45 25. A method as claimed in any one of claims 22 to 24. wherein said phenylenediamine compound is N,N 1 -di-sec-butyl- 
p -phenylenediamine. 

26. A method as claimed in any one of claims 22 to 25, wherein said hydroxylamine compound is added to said system 
in an amount ranging from 20 parts to about 10,000 parts per million parts vinyl monomer in said system. 

50 

27. A method as claimed in any one of claims 22 to 26, wherein the weight ratio of phenylenediamine compound to 
hydroxylamine compound ranging from 1 :1 to 2:1. 

28. A method as claimed in any one of claims 1 1 to 27, wherein said vinyl aromatic monomer is styrene. 

55 

29. A method as claimed in any one of claims 22 to 28, wherein said system contains three process columns. 
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